morphogenetic protein 2 decreases TRPC expression, store-operated Ca 2ϩ entry, and basal [Ca 2ϩ ]i in rat distal pulmonary arterial smooth muscle cells. Am J Physiol Cell Physiol 304: C833-C843, 2013. First published February 27, 2013 doi:10.1152/ajpcell.00036.2012.-Recent studies indicate that multiple bone morphogenetic protein (BMP) family ligands and receptors are involved in the development of pulmonary arterial hypertension, yet the underlying mechanisms are incompletely understood. Although BMP2 and BMP4 share high homology in amino acid sequence, they appear to exert divergent effects on chronic hypoxic pulmonary hypertension (CHPH). While BMP4 promotes vascular remodeling, BMP2 prevents CHPH. We previously demonstrated that BMP4 upregulates the expression of canonical transient receptor potential channel (TRPC) proteins and, thereby, enhances storeoperated Ca 2ϩ entry (SOCE) and elevates intracellular Ca 2ϩ concentration ([Ca 2ϩ ]i) in pulmonary arterial smooth muscle cells (PASMCs). In this study, we investigated the effects of BMP2 on these variables in rat distal PASMCs. We found that treatment with BMP2 (50 ng/ml, 60 h) inhibited TRPC1, TRPC4, and TRPC6 mRNA and protein expression. Moreover, BMP2 treatment led to reduced SOCE and decreased basal [Ca 2ϩ ]i in PASMCs. These alterations were associated with decreased PASMC proliferation and migration. Conversely, knockdown of BMP2 with specific small interference RNA resulted in increased cellular levels of TRPC1, TRPC4, and TRPC6 mRNA and protein, enhanced SOCE, elevated basal [Ca 2ϩ ]i, and increased proliferation and migration of PASMCs. Together, these results indicate that BMP2 participates in regulating Ca 2ϩ signaling in PASMCs by inhibiting TRPC1, TRPC4, and TRPC6 expression, thus leading to reduced SOCE and basal [Ca 2ϩ ]i and inhibition of cell proliferation and migration. BMP2; transient receptor potential canonical; calcium signaling; pulmonary arterial smooth muscle cells PULMONARY ARTERIAL (PA) hypertension (PAH) is a rare disease with poor prognosis. It is defined by sustained elevation of PA pressure, which eventually causes right ventricular failure and death. The pathogenesis of PAH is characterized by persistent vasoconstriction and structural remodeling of the pulmonary vasculature; however, the mechanisms underlying these changes are incompletely understood.
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Among numerous molecules that have been discovered to explain the pathobiology of PAH, accumulating evidence indicates that a change in intracellular Ca 2ϩ concentration ([Ca 2ϩ ] i ) is a key signal in the regulation of contraction, proliferation, and migration of PA smooth muscle cells (PASMCs) (6, 7, 16, 17, 27) . Store-operated Ca 2ϩ channels (SOCCs) mediated Ca 2ϩ entry, the so-called store-operated Ca 2ϩ entry (SOCE) is an important approach in maintenance of [Ca 2ϩ ] i homeostasis in various cell types, including PASMCs (31, 35, 38, 45) . We and others recently found that enhanced SOCE is responsible for the hypoxia-induced increase in [Ca 2ϩ ] i in PASMCs (21, 24, 42, 44) . SOCCs are believed to be composed of canonical transient receptor potential (TRPC) channel proteins (9, 32) . Previously, we found that TRPC1, TRPC4, and TRPC6 are the predominant TRPCs expressed in distal PAs and PASMCs (25, 42, 53) . Moreover, it appears that TRPC1 and TRPC6 are specifically upregulated by hypoxia and contribute to the hypoxia-induced increases in SOCE and basal [Ca 2ϩ ] i in PASMCs (46) . Loss-of-function mutation of bone morphogenetic protein (BMP) type II receptor was found in a majority of patients with idiopathic PAH (26) , suggesting that the signaling of BMP plays an important role in PAH. BMP type II receptor belongs to the transforming growth factor-␤ superfamily of receptors and transduces signal upon binding to BMP ligands, i.e., BMP2 and BMP4 (27, 29) . Recently, considerable efforts have been made to elucidate the role and mechanisms of aberrant BMP signaling in PAH. BMP2 and BMP4 were reported to be upregulated in the lung under hypoxia. Although the two proteins share high homology in amino acid sequence, they appear to play opposite roles in the development of chronic hypoxic pulmonary hypertension (CHPH) (13) . While mice with partial deficiency of BMP4 were protected from pulmonary vascular remodeling and development of CHPH, Bmp2 ϩ/Ϫ mice were prone to develop a severe form of this disease (1, 13) . It is unknown what led to these differences. We recently found that BMP4 upregulated TRPC1, TRPC4, and TRPC6 expression and functionally increased SOCE and basal [Ca 2ϩ ] i in PASMCs (23) . In this study, we investigated the effects of BMP2 on these parameters, as well as proliferation and migration of rat distal PASMCs.
MATERIALS AND METHODS
Cell isolation and culture. Animal protocols were approved by the Animal Care and Use Committee of the Johns Hopkins Medical Institutions. Male Wistar rats (300 -500 g body wt) were anesthetized with pentobarbital sodium (65 mg/kg ip), as previously described (36, 37, 42) , and the distal intrapulmonary arteries (Ͼ4th generation) were dissected from lungs in HBSS (130 mM NaCl, 5 mM KCl, 1 mM MgCl 2, 10 mM HEPES, and glucose, with pH adjusted to 7.2 with 5 mM NaOH). Ca 2ϩ was added to a concentration of 1.5 mM. The thin layer of adventitia was carefully stripped off with forceps, and the lumina were gently swiped using a cotton swab to remove endothelium. Distal PASMCs were obtained from the isolated PA enzymatically, plated onto 25-mm coverslips in six-well dishes, and cultured for 3-6 days in smooth muscle growth medium (SMGM-2, Clonetics, Walkersville, MD) with 5% serum in a humidified atmosphere of 5% CO2-95% air at 37°C. Cellular purity was Ͼ98% when assessed by morphological appearance under phase-contrast microscopy and by immunofluorescence staining for ␣-actin under confocal microscopy, as previously described (42) .
BMP2 treatment. Distal PASMCs at 50 -70% confluence were growth-arrested in smooth muscle basal medium (SMBM; Clonetics) containing 0.3% FBS for 24 h and then treated with 5-200 ng/ml recombinant human BMP2 (R & D Systems, Minneapolis, MN) for 24, 48, or 60 h. These treated cells were subjected to Ca 2ϩ assays or gene expression measurements.
Small interference RNA transfection. Small interference RNA (siRNA) siGENOME SMARTpool targeting to BMP2 mRNA (Na- tional Center for Biotechnology Information GenBank accession number NM_017178) and the nontargeting (NT) control siRNA pool (NT siRNA) were purchased from Dharmacon (Lafayette, CO). Rat distal PASMCs grown in SMGM-2 were transfected with 20 nM siRNA for 6 h in serum-free SMBM using GeneSilencer (Genlantis, San Diego, CA) according to the manufacturer's instructions, cultured for 18 h in SMBM containing 5% FBS, subjected to migration and proliferation assays, or cultured for 42 h in SMBM containing 0.3% FBS, and then subjected to gene expression, [Ca 2ϩ ]i, and Ca 2ϩ influx measurements.
RNA extraction and real-time quantitative PCR. As previously described (23) , total RNA in distal PASMCs was extracted using an RNeasy kit (Qiagen, Valencia, CA). Reverse transcription was performed using an iScript cDNA synthesis kit (Bio-Rad, Hercules, CA). Real-time PCR was performed using an iCycler IQ system (Bio-Rad). Primer sequences specific for rat TRPC1, TRPC4, TRPC6, BMP2, BMP4, and cyclophilin B are listed in Table 1 (23) . Relative concentration of each transcript was calculated using the Pfaffl method. TRPC and BMP mRNA copies were normalized to cyclophilin B and expressed as percent change from control values.
Western blot analysis. Distal PASMCs were washed with PBS, and protein was extracted with ice-cold lysis buffer (T-PER buffer, Pierce, Rockford, IL) supplemented with proteinase inhibitors. The amount of cell lysate protein was determined using bicinchoninic acid protein assay (Pierce). Proteins were separated on 8% SDS-PAGE (Bio-Rad), transferred onto polyvinylidene difluoride membranes (Bio-Rad), and probed with affinity-purified rabbit polyclonal antibodies specific for TRPC proteins (Alomone Laboratories, Jerusalem, Israel) or mouse monoclonal antibodies to ␤-actin (Sigma, St. Louis, MO). The secondary antibodies were horseradish peroxidase-conjugated anti-rabbit or anti-mouse IgG (Kirkegaard and Perry Laboratories, Gaithersburg, MD). Protein bands were detected by enhanced chemiluminescence (GE Healthcare, Piscataway, NJ).
Measurement of [Ca 2ϩ ]i. As we described previously (42) , coverslips with PASMCs were loaded with 7.5 M fura 2-AM (Invitrogen, Grand Island, NY) and incubated for 60 min at 37°C under 5% CO2-95% air, and each was mounted in a closed polycarbonate chamber clamped in a heated aluminum platform (model PH-2, Warner Instruments, Hamden, CT) on the stage of an inverted microscope (TSE 100 Ellipse, Nikon, Melville, NY). Cells were perfused at 1 ml/min with Krebs-Ringer bicarbonate solution (KRBS), which consisted of (in mM) 118 NaCl, 4.7 KCl, 2.5 CaCl2, 0.57 MgSO2, 1.18 KH2PO4, 25 NaHCO3, and 10 glucose, was equilibrated in heated reservoirs with 5% CO2 and 16% O2, and was led to the chamber through stainless steel tubing. An in-line heat exchanger and dual-channel heater controller (models SF-28 and TC-344B, Warner Instruments) were used to maintain chamber temperature at 37°C. After 10 min of perfusion to eliminate extracellular dye, [Ca 2ϩ ]i was determined by fura 2 fluorescence emitted at 510 nm after excitation at 340 and 380 nm (F340 and F380) at 12-to 30-s intervals with a xenon arc lamp, interference filters, an electronic shutter, a ϫ20 fluorescence objective, and a cooled charge-coupled device imaging camera. Data were collected and analyzed with InCyte software (Intracellular Imaging, Cincinnati, OH). Ca 2ϩ levels are presented as an average from 20 -30 cells.
Measurement of SOCE. PASMCs were perfused for Ն10 min with Ca 2ϩ -free KRBS containing 1 mM EGTA to chelate residual Ca 2ϩ , 5 M nifedipine (Sigma-Aldrich, St. Louis, MO) to prevent Ca 2ϩ entry through L-type voltage-dependent Ca 2ϩ channels, and 10 M cyclopiazonic acid (CPA; Sigma-Aldrich) to deplete sarcoplasmic reticulum Ca 2ϩ stores. SOCE was assessed in two ways, as described previously (25, 42) . 1) [Ca 2ϩ ]i was measured before and after restoration of extracellular [Ca 2ϩ ] to 2.5 mM, and SOCE was evaluated from the peak increase in [Ca 2ϩ ]i caused by restoration of extracellular Ca 2ϩ in the continued presence of nifedipine and CPA. 2) Fura 2 fluorescence excited at 360 nm at 30-s intervals was monitored before and after addition of MnCl2 (200 M) to the cell perfusate, and SOCE was evaluated from the rate at which fura 2 fluorescence was quenched by Mn 2ϩ , which entered the cell as a Ca 2ϩ surrogate and reduced fura 2 fluorescence upon binding to the dye.
Assessment of PASMC migration. Migration of PASMCs was assessed using Transwell polycarbonate inserts (8-m membrane pore size; Corning, Lowell, MA). PASMCs were treated with BMP2 (50 ng/ml) for 60 h, trypsinized, and added to the membrane (8 ϫ 10 4 cells/insert). After incubation for 24 h, cells were fixed using 95% freezing-cold ethanol for 10 min, stained with Brilliant Blue R staining solution (Sigma) for 5 min, and washed with PBS. The stained cells were imaged under an inverted microscope at five fixed positions of the Transwell membrane (top right, top left, bottom right, bottom left, and central field) and counted to represent the total cells. Then the cells on the upper surface of the membrane inserts were gently wiped off with cotton swabs. Images for cell migration on the lower surface of membrane were obtained at the five positions used for total cell imaging. Cell migration was calculated as the ratio of migrated cells to total cells on each membrane.
Cell proliferation assay. Proliferation of PASMCs was determined by the Cell Proliferation Biotrak ELISA Kit (GE Healthcare) according to the manufacturer's protocol. Briefly, PASMCs were seeded onto 96-well plates in 0.3% FBS-SMBM at a density of 5 ϫ 10 3 cells/well, cultured with or without BMP2 (50 ng/ml) for 72 h, and labeled with bromodeoxyuridine for 24 h. Then the cells were successively fixed, blocked, probed with anti-bromodeoxyuridine, and developed with tetramethylbenzidine substrate, and the reaction was stopped with sulfuric acid. The optical density of each well was determined using a microplate reader (Bio-Rad) at 450 nm.
Drugs and materials. Unless otherwise specified, all reagents were obtained from Sigma-Aldrich. The stock solutions of recombinant human BMP2 at 50 g/ml were made in 4 mM HCl containing 0.1% BSA. Stock solutions of 30 mM CPA and 5 mM nifedipine were made in DMSO, and 200 mM MnCl 2 was dissolved in deionized water. Fura 2-AM was prepared before the experiment as a 2.5 mM stock solution in DMSO containing 20% Pluronic F-127 (Invitrogen).
Statistical analyses. Values are means Ϯ SE. Statistical analyses were performed using unpaired and paired Student's t-tests or ANOVA. Differences were considered significant when P Ͻ 0.05.
RESULTS

BMP2 inhibited TRPC expression in distal PASMCs
. Treatment with BMP2 at 5, 10, 50, 100, or 200 ng/ml for 60 h dose-dependently reduced the mRNA expression of TRPC1, TRPC4, and TRPC6 in distal PASMCs compared with control cells (Fig. 1A) . These reductions reached significance at 50 ng/ml BMP2. Raising the dosage of BMP2 to 100 and 200 ng/ml did not further inhibit the levels of the three TRPC transcripts; therefore, the optimal dosage of BMP2 for maximal inhibition was considered to be 50 ng/ml. Treatment with 50 ng/ml BMP2 decreased mRNA expression of TRPC1, TRPC4, and TRPC6 by 32.2%, 36.9%, and 36.5%, respectively (Fig. 1A) .
Time-course study at 24, 48, and 60 h indicated that the most drastic decreases of TRPC mRNA expression by 50 ng/ml BMP2 treatment were at 60 h (Fig. 1B) . Western blotting confirmed that BMP2 treatment (50 ng/ml, 60 h) also decreased the protein expression of TRPC1, TRPC4, and TRPC6 by 32.3%, 37.0%, and 30.5%, respectively, in distal PASMCs (Fig. 2) Fig. 3C ).
BMP2 inhibited migration and proliferation of PASMCs. Treatment with BMP2 (50 ng/ml for 60 h) caused inhibition of proliferation and migration of PASMCs. Proliferation was decreased 18.7% compared with control (P Ͻ 0.05; Fig. 4A ), whereas migration was decreased 21.6% (P Ͻ 0.05; Fig. 4B ) in BMP2-treated cells.
Knockdown of BMP2 enhanced TRPC expression, SOCE, and basal [Ca 2ϩ ] i and increased proliferation and migration of distal PASMCs. To verify the above-mentioned effects of BMP2 in PASMCs, we further used siRNA targeted to BMP2 (BMP2 siRNA) to knock down BMP2 expression in the culture. As seen in Fig. 5A , exposure of PASMCs to BMP2 siRNA resulted in a 89.1% decrease of BMP2 mRNA compared with that in NT siRNA-treated control cells. Under this condition, the amount of BMP2 protein in the conditioned medium of PASMC culture was decreased 85.9% (Fig. 5B) . The specificity of BMP2 siRNA was verified by determining the mRNA (Fig. 5A) and protein (Fig. 5B ) levels of BMP4 in PASMC culture, which were not altered by BMP2 siRNA treatment. Next, we examined the effects of decreased BMP2 on TRPC expression and the subsequent functional influences on SOCE and basal [Ca 2ϩ ] i in rat distal PASMCs. Knockdown of BMP2 caused significant increases of mRNA (Fig. 5C ) and protein (Fig. 5D) was increased from 68.53 Ϯ 6.28 nM in control cells exposed to NT siRNA to 85.78 Ϯ 5.95 nM in PASMCs treated with BMP2 siRNA (P Ͻ 0.05; Fig. 6C ). Moreover, as indicated in Fig. 7 , knockdown of BMP2 caused increases in proliferation and migration of PASMCs (Fig. 7) compared with cells treated with NT siRNA.
Expression of BMP2 and BMP4 in distal PA and PASMCs. To examine the differences of BMP2 and BMP4 expression levels in distal PAs and PASMCs, we used real-time PCR to measure BMP2 and BMP4 mRNA. As seen in Fig. 8, BMP2 mRNA is much less abundant than BMP4 mRNA in distal PAs (P Ͻ 0.05; Fig. 8A ) and PASMCs (P Ͻ 0.05; Fig. 8B ).
DISCUSSION
The present study provides evidence indicating that BMP2 regulates Ca 2ϩ signaling in PASMCs. BMP2 treatment 1) inhibited TRPC1, TRPC4, and TRPC6 expression in PASMCs, 2) reduced SOCE and basal [Ca 2ϩ ] i in PASMCs, and 3) inhibited proliferation and migration of PASMCs. In addition, knockdown of BMP2 by siRNA enhanced mRNA and protein expression of TRPC1, TRPC4, and TRPC6, which were associated with increased SOCE, basal [Ca 2ϩ ] i , and proliferation and migration of PASMCs.
Of the seven members of the TRPC family that have been identified (28), TRPC1, TRPC4, and TRPC6 are the predom- inant members expressed in PASMCs (25) . It is conceivable that TRPC1 and TRPC4 primarily form SOCCs, which provide a pathway for SOCE, thus participating in regulation of [Ca 2ϩ ] i in various cell types, including PASMCs (3, 34) . Knockdown of TRPC1 by its specific siRNA suppressed SOCE in rat PASMCs (21, 24) . Antisense oligonucleotides targeted to TRPC1 reduced TRPC1 gene expression and reduced SOCE in human PASMCs (39) . Anti-TRPC1 antibody treatment attenuated SOCC activity, resulting in decreased SOCE and SOCCmediated contraction of rat caudal artery (4, 5, 47) . Conversely, overexpression of human TRPC1 enhanced the contractile responses of rat PA rings to CPA (20) . In the vasculature, TRPC4 is thought to be mainly expressed by endothelial cells; however, it is also found to contribute to ATP-induced cell mitogenesis in PASMCs by forming SOCCs and increasing SOCE (52) . TRPC6 is usually considered to form receptoroperated Ca 2ϩ channels (ROCCs), because it could be activated by diacylglycerol (DAG) and other signaling messengers involved in the G protein pathway. Knockdown of TRPC6 by its siRNA decreased DAG-induced cation influx in rat PASMCs (21 (46) . It is also believed that TRPC6 can assemble into SOCCs according to the following evidence. 1) Upregulated TRPC6 was associated with increased SOCE in proliferative PASMCs, whereas inhibition of TRPC6 expression with antisense oligonucleotides or bosentan reduced SOCE induced by passive store depletion and attenuated mitogen-mediated PASMC proliferation (19, 49, 50) . 2) Knockdown of TRPC6 by siRNA decreased SOCE, as well as the proliferation rate of human hepatoma cells (10) . 3) We previously demonstrated that TRPC6 could form functional SOCC in rat distal PASMCs, because knockdown of TRPC6 expression by siRNA reduced the hypoxia-induced increases in SOCE (24) . It is likely that TRPC6, as one of the subunits in the homo-or heterotetrameric TRP pore complex, participates in formation of SOCCs and ROCCs; the preference for TRPC6 to form SOCCs or ROCCs may be dependent on the cellular host environment, as well as the cell phenotype, and may be determined by the interactions with auxiliary proteins such as adaptors, scaffolds, and regulators (33) .
If TRPC1, TRPC4, and TRPC6 or any one of these TRPCs are present in SOCCs in PASMCs, the decreased expression level of these Ca 2ϩ channel proteins could lead to fewer SOCCs and reduced SOCE in distal PASMCs treated with BMP2. To verify this presumption, we determined whether treatment with BMP2 altered SOCE in distal PASMCs. Using Ca 2ϩ restoration and Mn 2ϩ quenching techniques, we found that SOCE was lower in BMP2-treated than control cells, indicating a functional influence of BMP2 on Ca 2ϩ signaling in PASMCs.
In addition to SOCE, changes in TRPC expression are often associated with an altered basal level of cellular [Ca 2ϩ ] i as a result of reduced SOCE (8, 42, 43, 52 ). PASMCs exposed to growth factors (i.e., serum, platelet-derived growth factor, or BMP4) or stimuli (i.e., ATP or chronic hypoxia) exhibit increased basal [Ca 2ϩ ] i in conjunction with increased expression of TRPC1, TRPC4, or TRPC6 (14, 21, 23, 44, 50, 52) . Some drugs, such as bosentan, sildenafil, and tanshinone IIA sulfonate, show therapeutic efficacy for PAH, in which downregulation of TRPC1, TRPC4, or TRPC6 expression may be involved (19, 24, 41) . Additionally, our previous studies found that increased [Ca 2ϩ ] i caused by hypoxia in PASMCs was blocked by the SOCC antagonists (43) and that knockdown of TRPC1 or TRPC6 attenuated the hypoxia-induced increases in SOCE and basal [Ca 2ϩ ] i , suggesting a cause-and-effect link between increases in TRPC1 and TRPC6 expression and the hypoxia-induced increases in SOCE and basal [Ca 2ϩ ] i (24) . In this study, we further demonstrated that BMP2 decreased basal [Ca 2ϩ ] i in distal PASMCs. According to the above-mentioned findings from the literature and our data, it is reasonable to speculate that the basal [Ca 2ϩ ] i is regulated by TRPC-mediated SOCE and that the decreased basal [Ca 2ϩ ] i in BMP2-treated PASMCs was caused by the decreased expression of TRPC1, TRPC4, and TRPC6.
The increased proliferation and migration of PASMCs have been considered to be critical pathobiological changes in pulmonary vascular remodeling and PAH development. Accumulating evidence indicates that [Ca 2ϩ ] i is a central factor in regulating pulmonary vascular hypertrophy by stimulating PASMC proliferation and migration (6, 12, 15, 34 (2, 14, 18, 39) . Downregulated expression of TRPC1 decreased amplitudes of SOCE and attenuated proliferation of PASMCs (39) . In contrast, enhanced expression of TRPC1 and increased SOCE were found in proliferating PASMCs (14) . The TRPC blocker SKF-96365 or repression of TRPC1 expression by siRNAs or by a short hairpin RNA reduced the speed of cell migration (22) . These findings indicate that TRPCs are directly linked to cell proliferation and migration. Consequently, we found that BMP2 inhibited the proliferation and migration of distal PASMCs. This result is consistent with a previous report showing inhibition of BMP2 upon proliferation of normal human PASMCs (51) . Finally, the inhibitory effects of BMP2 treatment were confirmed by knockdown of endogenous BMP2 expression by specific siRNA, which resulted in increased cell proliferation and migration, in association with increased expression of TRPC1, TRPC4, and TRPC6 and enhanced SOCE and basal [Ca 2ϩ ] i in distal PASMCs. Aside from the action on TRPC expression, BMP2 may also regulate Ca 2ϩ signaling by increasing voltage-gated K ϩ channel protein (i.e., K V 1.5) expression in PASMCs, resulting in a decrease in L-type voltage-dependent Ca 2ϩ currents and an increase in cell apoptosis (48, 51) . Together, the inhibitory effects of BMP2 on basal [Ca 2ϩ ] i and PASMC proliferation and migration suggest a potential therapeutic application of this protein in PAH treatment. However, BMP2 also showed divergent effects on PASMCs from normal individuals and patients with pulmonary hypertension. While a panel of genes relating to cell growth and contraction were downregulated by BMP2 in normal PASMCs, these same genes were upregulated in cells from patients with idiopathic PAH (11) . Moreover, BMP2-induced apoptosis in normal PASMCs was reduced in cells from patients with secondary pulmonary hypertension (48, 51) . Therefore, it seems that the differential effects of BMP2 on gene expression in PASMCs from normal individuals and patients with pulmonary hypertension may account for the transition of BMP2 from an antiproliferative to a proliferative factor in pulmonary hypertension. Consequently, caution should be exercised when suggesting use of BMP2 as a therapeutic strategy for PAH. The amino acid sequence of the secreted mature protein of human BMP2 (UniProtKB/Swiss-Prot accession no. P12343) is highly similar to that of BMP4 (P12644), with 87.8% homology. Interestingly, these two proteins show divergent effects on CHPH development. In chronic hypoxia, increased BMP4 expression enhanced proliferation and migration of pulmonary vascular smooth muscle cells, and partial deficiency of BMP4 in BMP4 heterozygous-mutant mice protected the mice from vascular remodeling and pulmonary vascular systolic pressure increment (13) . Unlike BMP4-heterozygous mutant mice, mice that were heterozygous-null for BMP2 (Bmp2 ϩ/Ϫ ) developed more severe CHPH than their wild-type littermates (1) . Our findings of the divergent effects of BMP2 and BMP4 on modulating TRPC expression and the level of basal [Ca 2ϩ ] i in distal PASMCs may contribute to the mechanisms underlying these opposing responses of BMP2-and BMP4-null mice in CHPH development. In addition, the following aspects are also likely involved: the differential binding capacity of PASMCs to BMP2 and BMP4, the different location of BMP2 and BMP4 in the lung, opposing effects of BMP2 and BMP4 exerting in pulmonary hypertension, and lower levels of expression of BMP2 than BMP4 in distal PAs and PASMCs in normoxia. 1) While BMP4 was found to bind to high-and low-affinity sites on human PASMCs, BMP2 was found to bind only to low-affinity sites (40) . Consequently, a higher dosage of BMP2 than BMP4 was needed to induce the downstream activation of Smad1/5 phosphorylation (40).
2) During hypoxia, the increased expression of BMP2 in mouse lung was mainly detected in the peripheral pulmonary vasculature; although BMP4 was widely expressed in endothelial cells, vascular smooth muscle cells, and epithelial compartments of the lung, the upregulation by hypoxia was only detected in bronchial and alveolar epithelium (1, 13). 3) BMP2, but not BMP4 according to the existing finding, protects against hypoxic reduction of endothelial nitric oxide synthase expression in the pulmonary vasculature (1). 4) During normoxia, expression levels of BMP2 in distal PAs and PASMCs are much lower than expression levels of BMP4, as indicated by mRNA quantification in our results. Contrary to the abovementioned differential effects, BMP2 and BMP4 have been found to mediate similar inhibitory effects on PASMC proliferation, suggesting a complicated link between Ca 2ϩ and the antiproliferative effects of BMP proteins, and the cell responses are likely context-specific (30) . The relative expression level of BMP2 and BMP4 under chronic hypoxia and their role in regulating the hypoxia-induced increase in basal [Ca 2ϩ ] i in distal PASMCs are subjects for future study.
In summary, our study demonstrates that BMP2 inhibited TRPC1, TRPC4, and TRPC6 expression in PASMCs, thereby participating in functional downregulation of SOCE and [Ca 2ϩ ] i in PASMCs, leading to inhibition of cell proliferation and migration. These results suggest that BMP2 may influence PAH development by modulating TRPC expression and Ca 2ϩ signaling in PASMCs.
